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Using the constrained-path Monte Carlo method, a two-orbital model for the pnictide supercon-
ductors is studied at half filling and in both the electron- and hole-doped cases. At half filling,
a stable (π, 0)/(0, π) magnetic order is explicitly observed, and the system tends to be in an or-
thomagnetic order rather than the striped antiferromagnetic order when increasing the Coulomb
repulsion U . In the electron-doped case, the (π, 0)/(0, π) magnetic order is enhanced upon doping
and suppressed eventually, and a s± pairing state dominates all the possible nearest-neighbor-bond
pairings. Whereas in the hole-doped case, the magnetic order is straightforwardly suppressed and
two nearly degenerate A1g and B1g intraband pairings become the dominant ones.
PACS numbers: 71.10.Fd, 74.20.Rp, 74.70.Xa, 74.20.Mn
I. INTRODUCTION
The discovery of pnictide superconductors (SCs) has
triggered lots of attentions of the condensed matter com-
munity. Unlike cuprates, where only the Cu 3dx2−y2 or-
bital plays the most significant role, the local-density ap-
proximation (LDA) calculations1,2 indicate that pnictide
SCs have several active 3d orbitals near the Fermi surface
(FS). Consequently, it is widely believed that such SCs
should be understood in terms of multi-orbital models
instead of the single-orbital ones.3–5 Regarding the min-
imal model capable of capturing the essential physics of
pnictide SCs, some authors proposed more realistic three-
and five-orbital models,4,5 while others argued that the
main physics of the pnictide SCs are contained in two-
orbital models.3,6,7 Because of their relative simplicity, as
well as the fact that6 the correct FS shape can be repro-
duced in both the doped and undoped cases, it is crucial
to find out the properties of these two-orbital models.
Most previous theoretical works on the two-orbital
models for pnictides were based on mean-field-like ap-
proximations, such as the random phase approxima-
tion (RPA), fluctuation exchange (FLEX) and functional
renormalization group (fRG) calculations and so on. The
main results from these studies provided good under-
standings of pnictides while still giving very different
pairing pictures. For instance, Graser et al. proposed two
nearly degenerate competing pairing states with A1g and
B1g symmetries because of the near nesting of FS sheets.
8
Although other RPA studies also suggested a compet-
ing pairing picture, different pairing channels were pro-
posed, for example, the competition between singlet d-
wave and triplet p-wave states9 or s±-wave and d-wave
states.10 Aside from RPA studies, a FLEX calculation
demonstrated an s±-wave or dxy-wave pairing depending
on whether the intraband antiferromagnetic (AFM) spin
fluctuation is stronger than the interband one or not11.
Meanwhile, fRG approach revealed s±-wave and sub-
dominant d-wave pairings.12 Moreover, Dai et al. sug-
gested a spin triplet pairing state by using of the BCS
mean field method.13
From the above discussions, it seems of great dif-
ficulty to justify the pairing symmetry of the two-
orbital models. Since it is unrealistic to take the full
quantum fluctuations into account in the usual theo-
retical methods, the important role of electronic cor-
relations on the magnetism and superconductivity has
not been thoroughly recognized. Despite the fact that
there exist some unbiased numerical investigations of the
two-orbital model,6,14–16 these results are not sufficient
enough to understand the electronic correlations in the
two-dimensional systems because they are obtained ei-
ther on a 8-site lattice6,14,15 or on a diagonal ladder.16
For a comprehensive and systematic understanding of the
two-orbital model,3,14 a quantum Monte Carlo (QMC)
method is employed in this paper.
However, it is known that there are several difficulties
in the QMC simulations of the two-orbital models: One is
the severe limitation of the cluster size. For example, the
computational demanding of a two-orbital model with a
given cluster is much higher than that of an one-orbital
model with a double cluster size. Another17,18, probably
the most tough one, is the insurmountable Fermi sign
problem. Compared to the one-orbital model, a usual
discrete Hubbard-Stratonovich (HS) transformation19 for
the Hund’s coupling and pair-hopping terms, which is
specific to the multi-orbital models, does lead to a more
serious sign problem. It is noticed that Sakai et al.18
proposed a new type of transformation for the Hund’s
coupling and pair-hopping interaction, which can effec-
tively alleviate the sign problem. Based on this progress,
we developed a feasible constrained-path Monte Carlo
(CPMC) method20 for the two-orbital models, which
works well in the weak and intermediate correlation
regimes.
Using the CPMC method, we compute the magnetic
structure factors and the pairing correlations of the two-
2orbital model as functions of the doping density ρ and
interaction strength U . We find a (π, 0)/(0, π) magnetic
order that is enhanced by the Coulomb repulsion U and
the Hund’s coupling J in the undoped case. Because
of the particle-hole asymmetry of the two-orbital model,
such a magnetic order shows different behaviors in the
electron- and hole-doped cases. We also find that the
doping has much stronger effect than that of the Coulomb
repulsion on the pairing correlations. In the electron-
doped case, a nodeless s± pairing is dominant, whereas
in the hole-doped case, two nearly degenerate A1g and
B1g intraband singlet pairings compete with each other
and become the dominant ones.
Our paper is organized as follows: In Sec. II, we briefly
introduce the two-orbital model under investigation and
discuss the proper choice of model parameters. Some
modifications to the original CPMC algorithm and the
definitions of the calculated physical quantities are pre-
sented as well. In Sec. III, we exhibit in details the simu-
lation results for the magnetic and pairing properties of
the model with various parameters. Our main conclu-
sions are summarized in Sec. IV.
II. MODEL AND NUMERICAL APPROACH
On the basis of LDA calculations, Mazin et al.2 advo-
cated that the band structure of pnictides involves only
three Fe 3d orbitals, dxz, dyz, and dxy (or dx2−y2), near
the Fermi level. Accordingly, Raghu et al.3 introduced a
minimal multi-orbital model for the pnictide SCs within
the further approximation that a next-near-neighbor hy-
bridization between dxz, dyz orbitals can be equated to
the role of the dxy or dx2−y2 orbital. As described in
Ref. 14, the kinetic part of the two-orbital model Hamil-
tonian is given by
H0 = −t1
∑
i,σ
(d†i,x,σdi+yˆ,x,σ + d
†
i,y,σdi+xˆ,y,σ + h.c.)
−t2
∑
i,σ
(d†i,x,σdi+xˆ,x,σ + d
†
i,y,σdi+yˆ,y,σ + h.c.)
−t3
∑
i,µˆ,νˆ,σ
(d†i,x,σdi+µˆ+νˆ,x,σ + d
†
i,y,σdi+µˆ+νˆ,y,σ + h.c.)
+t4
∑
i,σ
(d†i,x,σdi+xˆ+yˆ,y,σ + d
†
i,y,σdi+xˆ+yˆ,x,σ + h.c.)
−t4
∑
i,σ
(d†i,x,σdi+xˆ−yˆ,y,σ + d
†
i,y,σdi+xˆ−yˆ,x,σ + h.c.),(1)
where x and y represent the dxz and dyz orbitals, respec-
tively. The operator d†iασ creates an electron on orbital
α in Fe site i with spin σ, and the index µˆ(νˆ) = xˆ or yˆ
denotes a unit vector linking the nearest-neighbor sites.
To estimate the hopping amplitudes that can recover the
right topology of Fermi surface and band features given
by DFT,21,22 the band-structure calculation3 and the
Slater-Koster tight-binding scheme6 recommended differ-
ent hopping amplitudes, however, the Lanczos study on
8-site cluster suggested these two schemes give similar
physics6. Following the band-structure calculation, the
hopping parameters will always be taken as t1 = −1.0,
t2 = 1.3 and t3 = t4 = −0.85 in our calculation.
The interaction terms,14,23,24 containing a Hubbard re-
pulsion in the same orbital, a repulsion U ′ for different
orbitals, a ferromagnetic Hund’s coupling J , and pair-
hopping terms, can be expressed as
Hint =
∑
i
(H i1 +H
i
2 +H
i
3 +H
i
4),
H i1 = J
∑
α6=α′
(d†iα↑d
†
iα′↓diα↓diα′↑
+ d†iα↑d
†
iα↓diα′↓diα′↑),
H i2 = (U
′ − J)
∑
σ
ni,x,σni,y,σ,
H i3 = U
∑
α
niα↑niα↓,
H i4 = U
′
∑
σ
ni,x,σni,y,−σ,
(2)
where α denotes the dxz or dyz orbital and U
′ satisfies the
constraint U ′ = U−2J due to the rotational invariance.25
Throughout this work, the correlation strength is taken
up to the intermediate range, i.e., U/ |t1| . 2 for both
undoped and doped cases, which is believed to be proper
for the pnictides SCs.26
In Eq. (2), H i1 can be transformed
18 as
e−∆τH
i
1 =
1
2
∑
γ=±1
eλγ(fi↑−fi↓)ea(Ni↑+Ni↓)+bNi↑Ni↓ (3)
with
fi,σ = d
†
i,x,σdi,y,σ + d
†
i,y,σdi,x,σ,
Ni,σ = ni,x,σ + ni,y,σ − 2ni,x,σni,y,σ,
(4)
where a, b and λ are some parameters depending on
Hund’s coupling J and Trotter interval ∆τ , and γ = ±1
is the newly introduced auxiliary field.
Due to the property that N2i,σ = Ni,σ, the factor
ebNi↑Ni↓ in Eq. (3) can be further decoupled into a
product of single eNiσ -like terms using the discrete HS
transformation19. Then all the terms containing eNiσ ,
which are independent of the introduced field γ in Eq. (3),
can be combined with H i2 in Eq. (2) for the ordinary
CPMC treatment. However, after this recombination, we
can see that the remaining factor in Eq.(3), eλγ(fi↑−fi↓),
contrary to other interactions which are made up of
the number operator ni,α,σ, involves some hopping-like
terms. So some adjustment must be made for this new
item eλγ(fi↑−fi↓).
Recalling that in the standard QMC algorithm, the
matrix form of the interaction term, such as the Hubbard
repulsion Hi1, always has the form:
eH
i
1 = I +A, (5)
3where A is sparse with one element in the diagonal and I
is the identity matrix. Consequently, the determinant di-
vision detL(I+A)RdetLR and the matrix inverse (L(I +A)R)
−1
can be calculated using a fast updating algorithm.27,28
We find that the matrix form of eλγfiσ =
eλγ(d
†
i,x,σ
di,y,σ+h.c.) can be cast into a similar form as
Eq. (5):
eλγ(d
†
i,x,σ
di,y,σ+h.c.) = I +B (6)
but with B having four non-zero elements
B =


. . .
bmm · · · bmn
...
. . .
...
bnm · · · bnn
. . .


, (7)
where bmm = bnn =
e−λγ+eλγ
2 − 1, bmn = bnm =
−e−λγ+eλγ
2 . If we insert the unitary matrix UU
−1(I +
B)UU−1 to make U−1(I+B)U = I+B′ with B′ the de-
sired diagonal form as A in Eq. (5), the determinant di-
vision detL(I+B)RdetLR and the matrix inverse (L(I+B)R)
−1
can then be written as
detL(I +B)R
detLR
=
detL′(I +B′)R′
detLR
,
(L(I +B)R)−1 = (L′(I +B′)R′)−1,
(8)
where L′ = LU and R′ = U−1R. Now the standard
CPMC algorithm can be applied with the new formulas
of Eq. (8).
In order to investigate the magnetic properties, we ex-
amine the magnetic correlations through the static mag-
netic structure factor
S(k) = 1/N
∑
ij
eik·(ri−rj)〈(ni↑ − ni↓)(nj↑ − nj↓)〉, (9)
where niσ = ni,x,σ + ni,y,σ.
Concerning the pairing properties, the classification of
possible pairing symmetries in Ref. 29 is followed (see Ta-
ble. I). In the multi-orbital systems, the pairing operators
have both spatial and orbital degrees of freedom.30 The
singlet and triplet (with projection 1) pairing operators,
∆†s(k) and ∆
†
t (k), can be respectively defined as
∆†s(k) =
1√
2
f(k)(τi)α,β(d
†
k,α,↑d
†
−k,β,↓ − d†k,α,↓d†−k,β,↑),
∆†t (k) = f(k)(τi)α,βd
†
k,α,↑d
†
−k,β,↑,
where d†k,α,σ creates an electron in orbital α with mo-
mentum k and spin σ, and f(k) is the form factor that
transforms according to one of the irreducible represen-
tations of the symmetry group30 (for concrete forms see
Table. I), while τi’s are the Pauli matrices (i = 1, 2, 3) or
TABLE I: The possible nearest-neighbor-bond pairing basis
matrices of the two-orbital models used in our simulations
(Ref. 29). The first column is the index number, the second
and third columns list the representations and the basis ma-
trices f(k)τi. The last column shows the spin parities where
S refer to singlet and T to triplet. Note that a nodeless s± is
also listed in the first row.
No. IR f((k))τi Spin
s± A1g cos kx cos kyτ0 S
2 A1g (cos kx + cos ky)τ0 S
3 A1g (cos kx − cos ky)τ0 S
4 A2g (cos kx − cos ky)τ1 S
6 B1g (cos kx − cos ky)τ0 S
7 B1g (cos kx + cos ky)τ3 S
9 B2g (cos kx + cos ky)τ1 S
10 Eg sin kxiτ2 S
12 A2g (cos kx + cos ky)iτ2 T
13 B2g (cos kx − cos ky)iτ2 T
14 Eg sin kxτ0 T
15 Eg sin kxτ3 T
16 Eg sin kxτ1 T
identity matrix (i = 0). Using the Fourier transforma-
tion, we can get the pairing operator in coordinate space
∆(i), and the corresponding pairing correlation function
is defined as
P (r = |i− j|) = 〈∆†(i)∆(j)〉. (10)
Our CPMC code is checked by comparing to the Lanc-
zos results on the 2×2 and 3×2 clusters and also to a
previous 8-site cluster Lanczos simulation6. Our CPMC
data are completely consistent with those results.
III. RESULTS AND DISCUSSIONS
A. Magnetic property
First we discuss the magnetic order in the undoped
system. As shown in Fig. 1(a), the magnetic structure
factor S(k) is presented at half filling (one electron per
orbital) for different Coulomb repulsions U and Hund’s
couplings J on the 6×6 lattice. It is obvious that the
sharp peak at (π, 0)/(0, π) persistently exists at various
U and J , signifying a robust (π, 0)/(0, π) magnetic order.
In addition, such a stable spin order still persists on the
8×8 lattice [see Fig. 2(b)]. It is worth noting that the
(π, 0)/(0, π) peak in S(k) can not be viewed as a criterion
for the formation of the striped AFM order31,32, as we
will discuss later that another proposed magnetic order,
the OM order33, also has a similar magnetic structure.
In Fig. 1(a), we see that when increasing the Coulomb
repulsion U , the magnetic order is enhanced. Since the
strength of the Coulomb repulsion (in units of |t1|) can
be viewed as a measurement of the electronic correlation
strength, such a U -induced enhancement implies the im-
portant role of electronic correlations for the investigated
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FIG. 1: (Color online) The static spin structure factor S(k)
at half filling on 6×6 cluster for (a) different on-site Coulomb
repulsions U with fixed J = 0.25U and (b) different Hund’s
couplings J with U = 2.0.
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FIG. 2: (Color online) The effect of electron doping on the
spin structure factor with U = 1.4, J = 0.25U on (a) 6×6
and (b) 8×8 lattices. The integer before doped denotes the
number of doped electrons.
magnetic order. Similarly, an enhancement in the mag-
netic order is again observed when increasing the Hund’s
coupling J at fixed U = 2.0 [see Fig. 1(b)], considering
that J favors the local magnetic moments, which also sig-
nals possible contributions of the local moments to this
magnetic order. Within the same argument, the robust
(π, 0)/(0, π) peak at U = 0.0 [see Fig. 1(a)] indicates that
the magnetic order does not only relate to the electronic
correlations and local moments, but also to other factors,
such as the FS nesting.
Next we discuss the doping effects on the magnetic or-
der. Upon electron doping, as shown in Fig. 2(a), the
(π, 0) peak seems to be unaffected compared with the
undoped case intially, but the values of S(k) along the
(π, 0)–(0, 0) direction are strongly suppressed. As a re-
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FIG. 3: (Color online) The effect of hole doping on the spin
structure factor with U = 1.4, J = 0.25U on (a) 6×6 and (b)
8×8 lattices. The integer before doped denotes the number
of doped holes.
sult, the magnetic order is relatively enhanced. When
more electrons are doped, the (π, 0) point starts falling
and a probable incommensurate (π, 0) magnetic struc-
ture arises. Different from previous studies, we find that
the effect of electron doping on the magnetic order is
not a monotonic suppression and there may exist a small
regime close to half filling where the magnetic order is
enhanced or at least unaffected by doping. Similar phe-
nomena are also observed on the 8×8 lattice as shown in
Fig. 2(b).
In the hole-doped case, however, because of the
particle-hole asymmetry of the two-orbital model, the be-
haviors of S(k) with doping are different. In Fig. 3, the
(π, 0) peak is directly suppressed even at very low doping
densities, and the values along with the (π, π)–(0, 0) di-
rection are ralatively insensitive to the doping concentra-
tion. Interestingly, as reflected in Fig. 4, the different be-
haviors of the magnetic order for different dopants seem
to be closely associated with their different FS evolutions
upon doping: With exactly the same doping density, it is
manifested that the electron pocket is notably diminished
by hole doping while that of the electron-doped system is
just slightly enlarged. On the other hand, in both cases
the hole pockets almost remain unchanged. These facts
may imply that the FS nesting remains in good condition
at low electron doping while weakens at strong electron
or hole dopings. This explains why the enhancement of
magnetic order is observed only at low electron dopings.
Therefore, we propose that at least in the intermediate
interaction regime the FS nesting plays an important role
in the magnetism of the two-orbital system.
Now we analyze the competing magnetic orders of
the two-orbital model at half filling. As proposed in
Ref. 33, the OM order, in which the magnetic moments
on nearest-neighbor sites are at right angles, is recom-
mended in the two-orbital model. Numerically, it is
50
pi
-pi 0 pi
k y
kx
(a) ρhole=0.1
0
kx
(b) undoped
-pi 0 pi
kx
(c) ρelectron=0.1
FIG. 4: (Color online) The Fermi surface in the extended
Brillouin zone (1 Fe per unit cell) for (a) the hole-doped,
(b) undoped, and (c) electron-doped systems with U = 0.0,
t1 = −1.0, t2 = 1.3 and t3 = t4 = −0.85, where the dashed
lines denote the folded Brillouin zone (2 Fe per cell) and the
red (blue) curves represent the electron (hole) Fermi pockets.
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FIG. 5: (Color online) 〈~S2i 〉
2 − 〈(~Si · ~Si+xˆ)
2〉 versus Coulomb
repulsion U on 6×6 and 8×8 lattice with J = 0.25U at half
filling. In order to further confirm the magnetic order, the
dependence of 〈(~Si·~Si+xˆ+yˆ)
2〉−〈(~Si ·~Si+xˆ)
2〉 on U is illustrated
in the inset.
rather difficult to distinguish the striped AFM and the
OM order: both of them have similar magnetic struc-
ture factors, negative next-nearest-neighbor spin-spin
correlations and almost-zero expectations of the nearest-
neighbor spin-spin correlations6. In order to identify the
competing magnetic orders at half filling, we calculate the
expectation values of the four-spin-operator 〈(~Si ·~Si+xˆ)2〉.
If U favors the OM order, 〈(~Si · ~Si+xˆ)2〉 should grows
slower than 〈~S2i 〉2. As a result, 〈~S2i 〉2 − 〈(~Si · ~Si+xˆ)2〉
should increase when increasing U . In Fig. 5, a clear
U -dependent enhancement of 〈~S2i 〉2−〈(~Si · ~Si+xˆ)2〉 is ob-
served on both 6×6 and 8×8 lattices, which implies a
strong tendency for the formation of the OM order as
U is increased. In addition, such a tendency becomes
stronger when the lattice size is enlarged from 6×6 to
8×8.
To substantiate this argument, we also calculate 〈(~Si ·
~Si+xˆ+yˆ)
2〉 − 〈(~Si · ~Si+xˆ)2〉. Similarly, if U is in favor of
-0.05
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FIG. 6: (Color online) The non-on-site pairing correlations
P (r) as functions of the pairing distance r in electron-doped
case. (a) and (c): The intraband singlet pairings 2, 7 v.s.
all the interband singlet pairings on 6×6 and 8×8 lattices,
respectively; (b) and (d): the intraband singlet pairings 2, 7
v.s. all the triplet pairings on the same lattices. The dashed
line represents a nodeless s± pairing discussed in the context.
Here, 8 electrons are doped in the 6×6 and 8×8 lattices with
U = 1.4, J = 0.25U .
the OM order, the nearest-neighbor spin-spin correlation
ought to grow slower than the next-nearest-neighbor one.
Then, 〈(~Si · ~Si+xˆ+yˆ)2〉 − 〈(~Si · ~Si+xˆ)2〉 should also be en-
hanced by U , which is demonstrated by the results pre-
sented in the inset of Fig. 5.
From the above discussions, we conclude that at least
in the weak to intermediate electronic correlation regime,
the magnetic order at half filling in the two-orbital
model tends to be in the OM order. Similar conclu-
sions are drawn from the unrestricted Hartree-Fock33 and
DMRG16 studies of the same model on other lattices.
B. Pairing symmetry
Since the pairing symmetry is intricately related to the
pairing mechanism, it is essential to clarify the dominant
pairing channel among all the possible candidates. In this
section, the long-range pairing correlations of the possible
nearest-neighbor-bond pairing states29 and a proposed
nodeless s± pairing state
6,15 are discussed (see Table. I),
and subsequently, the effects of the doping density ρ and
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FIG. 7: (Color online) The non-on-site pairing correlations
P (r) as functions of the pairing distance r in hole-doped case.
(a) and (c): The intraband singlet pairings 2, 7 v.s. all the
interband singlet pairings; (b) and (d): the intraband singlet
pairing 2,7 v.s. all the triplet pairings. Similar as in Fig. 6,
the dash line represents the s± pairing. In this case, 4 holes
are doped in the 6×6 lattice and 8 holes in the 8×8 lattices
with U = 1.4, J = 0.25U .
Coulomb repulsion U on the proposed pairing candidates
are examined.
In Figs. 6(a) and 6(b), the pairing correlations of pos-
sible nearest-neighbor-bond pairings are shown as a func-
tion of pairing distance r when 8 electrons are doped into
the 6×6 system. The pairings 2 and 7, which correspond
to the spin singlet A1g and B1g intraband pairings, have
the strongest amplitude at long distances. To see more
clearly, all the singlet interband and triplet pairings are
compared with pairings 2 and 7 in separated panels (a)
and (b). Since the importance of the nodeless s± pairing
with a next-nearest-neighbor-bond pairing6,15, we also
show the corresponding pairing correlation in Fig. 6(a).
The s± pairing also has strong long-range pairing corre-
lations, sometimes even stronger than that of pairings 2
and 7. The dominance of the three competing pairings
are also revealed on the 8×8 lattice [see Figs. 6(c) and
6(d)].
In the hole-doped case (see Fig. 7), similar phenomena
are observed on both 6×6 and 8×8 lattices. Remarkably,
from Figs. 6 and 7, we find that the degeneracy not only
occurs between pairings 2 and 7, but also among other
pairings. For example, the singlet interband pairing 4
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FIG. 8: (Color online) The average of long-range pairing cor-
relation Pave of 2, 7, and s± as functions of the doping density
ρ (a) and (c), and the Coulomb repulsion U (b) and (d) on
the 6×6 lattice. (a) and (b) correspond to the electron-doped
cases and (c) and (d) the hole-doped cases. Here, 8 electrons
are doped in (b) and 4 holes in (d).
with A2g symmetry almost has the same behaviors as the
triplet pairing 13 with B2g symmetry; the singlet B2g
interband pairing 9 also competes with the A2g triplet
pairing 12, and so on.
To illustrate the effect of doping density ρ and
Coulomb repulsion U on the proposed pairing channels,
the average of long-range pairing correlation, Pave =
1
M
∑
r>3 P (r) with M the number of pairs, is plotted
in Fig. 8 as functions of ρ and U for electron- and hole-
doped cases. From Figs. 8(a) and 8(c), we observe that
in both the electron- and hole-doped cases, the s± pair-
ing, together with pairing 2 and 7, are suppressed when
increasing the doping density ρ. Obviously, the s± pair-
ing is dominant in the electron-doped case, whereas in
the hole-doped case the suppression of the s± pairing is
more drastic than that of the pairing 2 and 7, and in
contrary to the electron-doped case, the pairings 2 and 7
become the dominant ones when ρ > 0.06.
Lastly, with a fixed doping density ρ, we study the
effect of the Coulomb repulsion U on the pairing corre-
lations, as presented in Figs. 8(b) and 8(d). Overall, the
effect of U is much weaker than that of doping—the pair-
ing properties are almost unchanged when U is increased.
In consistent with Figs. 8 (a) and 8(c), the s± pairing
prevails over the pairings 2 and 7 in the electron-doped
7case, and the latter become the leading channels in hole
doping. Thus our results demonstrate dopant-dependent
pairing symmetries of the two-orbital model.
IV. CONCLUSIONS
In this paper, we have systematically studied the mag-
netic and pairing properties of the two-orbital model for
pnictides at half filling and in electron- and hole-doped
cases. We found that the (π, 0)/(0, π) magnetic order is
robust at half filling in the weak to intermediate interac-
tion regime. When increasing the Coulomb repulsion U ,
the magnetic order is enhanced and the system tends to
be in the OM order, which is consistent with the unre-
stricted Hartree-Fock and DMRG studies.16,33
When the system is doped away from half filling, the
magnetic order has different behaviors in the electron
and hole dopings: It is relatively enhanced upon the elec-
tron doping and suppressed eventually; while in the hole-
doped case, the magnetic order is directly suppressed.
Such a difference is closely relevant to different evolu-
tions of the FS when electrons and holes are doped in
the system—the FS nesting remains in good condition in
the light electron doping while in the hole-doped case,
the electron pocket is significantly shrunk and thus the
nesting can hardly be realized.
The strong doping effects on the long-range pairing
correlations were also observed in the two-orbital model.
In electron-doped case, an s± pairing state dominates the
possible nearest-neighbor-bond pairing channels, while
two nearly degenerate intraband singlet pairing channels
with A1g and B1g symmetries take over in the hole-doped
case, which illustrates a dopant-dependent pairing prop-
erty of the two-orbital model.
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